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Abstract
Background  Poor memory of disclosed risks can 
undermine informed consent and create medicolegal 
challenges. The extent to which patients remember the 
risks of peripheral nerve blockade following the informed 
consent discussion is unknown. This prospective cohort 
study evaluated patients’ immediate memory of risks 
related to interscalene block (ISB) that were disclosed 
during the preoperative informed consent discussion.
Methods  Using a standardized script, patients 
scheduled for arthroscopic shoulder surgery were 
informed of the risks of ISB by an anesthesiologist in the 
preoperative assessment clinic. Immediately thereafter, 
consenting participants were asked to identify the 
risks of ISB from a printed list of nine true risks (four 
major and five minor) and nine ’distractor’ items, which 
were unrelated adverse events and not disclosed. The 
primary outcome was the proportion of participants who 
remembered all four true major risks including long-
term nerve damage, seizure, life-threatening event, and 
damage to the covering of the lung.
Results  Among 125 participants, only 26 (21%) 
remembered all four major risks of ISB. The mean number 
of major risks remembered was 2±1 out of 4. Fifteen 
(12%) participants remembered all nine true risks. The 
mean number of true risks remembered was 6±2 out of 
9. Multivariable analysis revealed that participants’ self-
rated assessment of their memory was not associated 
with actual recall.
Conclusion  Patients have poor immediate memory 
of the major risks related to ISB disclosed during the 
informed consent discussion. Under the present study 
conditions, the validity of the informed consent process 
for patients undergoing ISB may be undermined.

Introduction
Concerns related to informed consent account for 
over 50% of patient complaints against anesthesi-
ologists.1 Among these complaints, 69% are asso-
ciated with inadequate disclosure of risks.1 In the 
setting of regional anesthesia, a significant propor-
tion of medicolegal actions brought forth in North 
America and the UK pertain to issues of informed 
consent.1–3 Central to the validity of informed 
consent is faithful understanding of the nature of 
the intervention, major and minor risks, alterna-
tives, and consequences of not receiving treatment.4

For patients undergoing regional anesthesia 
techniques, the extent to which they understand 

and remember the material risks of peripheral 
nerve blockade (PNB) is unknown. While we 
have previously reported on the risks disclosed 
by regional anesthesia providers, there are sparse 
data pertaining to how these risks are received by 
patients.5 Current evidence of patients’ memory 
of risks related to PNB is limited to two reports, 
both of which are undermined by small sample size 
and methodological shortcomings, including both 
inconsistent and incomplete risk disclosure.6 7 The 
present study aimed to determine the extent to 
which patients remember the risks of PNB disclosed 
to them by the anesthesiologist during the preop-
erative informed consent discussion in advance of 
their surgery. Specifically, we sought to identify the 
proportion of patients who remember the major 
risks related to interscalene brachial plexus block 
(ISB) immediately following the informed consent 
discussion. We hypothesized that the majority of 
the patients would immediately remember all major 
risks related to ISB that were disclosed to them 
during the informed consent discussion.

Methods
Study design and setting
This single-center, prospective observational study 
was approved by the Women’s College Hospital 
Research Ethics Board and conducted between 
August 2017 and May 2019 at Women’s College 
Hospital, an academic ambulatory surgery hospital 
fully affiliated with the University of Toronto. The 
authors prepared this study report in accordance 
with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines.8

Study participants
Adult patients with sports-related shoulder injuries 
scheduled to undergo general anesthesia for elec-
tive outpatient unilateral arthroscopic shoulder 
surgery, including the preoperative administration 
of a single-injection ISB for postoperative analgesia, 
were eligible to participate in this study. Patients 
were eligible regardless of whether or not they 
ultimately consented to receive an ISB for post-
operative analgesia. Exclusion criteria comprised 
patients who were not competent for medical 
decision-making; non-English speaking patients; 
patients who refused to listen to risk disclosure 
in full or in part, or otherwise participate in the 
informed consent process; patients who had under-
gone ISB in the past (due to possible confounding 
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recall from previous informed consent discussions); and, patients 
with conditions that posed special risks for ISB (eg, chronic 
obstructive pulmonary disease).

Standard care
As per institutional practice, patients eligible for regional anes-
thesia were seen by an anesthesiologist in the anesthesia preop-
erative assessment clinic several weeks prior to surgery, during 
which time the informed consent discussion and risk disclosure 
related to regional anesthesia took place. All eligible patients 
were assessed by the clinic anesthesiologist (staff anesthesiolo-
gist or anesthesia fellow), who was instructed to conduct their 
preoperative assessment, consultation, and planning according 
to their own routine practice, including discussion of the bene-
fits and alternatives to ISB, with the exception of disclosure of 
the risks related to ISB.

Risk disclosure
For the purposes of this study, disclosure of risks related to ISB 
was standardized. At the appropriate point in time during the 
informed consent discussion, patients were told by the clinic 
anesthesiologist that the risks of ISB would be read aloud in order 
to ensure complete and standardized disclosure. Subsequently, 
the clinic anesthesiologist read aloud verbatim a pre-printed 
script describing the risks of ISB in simple, plain language to 
all eligible patients (online supplementary appendix 1). The 
script was largely based on the patient information pamphlet 
for nerve blocks of the shoulder, arm, and hand, created by the 
Royal College of Anesthetists in the UK.9 All eligible patients 
thus received the identical information regarding the major and 
minor risks of ISB prior to being recruited to this study.

Recruitment
On the conclusion of the preoperative assessment clinic visit 
with the anesthesiologist, a research coordinator approached all 
eligible patients for study recruitment. Patients were informed 
about the purpose of this study, after which written informed 
consent was obtained from all patients willing to participate in 
this study.

Data collection
A questionnaire created in conjunction with a clinical neuropsy-
chologist and memory researcher (MC) was used to assess imme-
diate memory of the risks disclosed during the informed consent 
discussion related to ISB. The questionnaire was designed to 
evaluate the participants’ ability to correctly identify the risks 
of ISB that were disclosed to them in the standardized script. 
The questionnaire comprised 18 adverse events, including nine 
true risks of ISB that were disclosed to the participants and nine 
distractor items that were unrelated to ISB and not disclosed. 
Distractors items were included as control items to ensure that 
positive endorsement of a true risk reflected accurate memory 
and not merely a positive response bias (ie, endorsing all items). 
Among the nine true risks were four major risks (long-term 
nerve damage, seizure, life-threatening event, and damage to 
the covering of the lung) and five minor risks (temporary nerve 
damage, damage to a blood vessel, hoarse voice, droopy eyelid, 
and some difficulty breathing). The nine distractor items listed 
included heart attack, stroke, blood clot, damage to the covering 
of the heart, itchiness/rash, sore throat, swollen eyes, muscle 
injury, and headache. The questionnaire was scored by awarding 
one point for each correct selection; specifically, points were 
awarded for selecting ‘yes’ (ie, true) for true risks and selecting 

‘no’ (ie, false) for distractor items, up to a total of 18 possible 
points. Additional data collected were patient demographics, 
including age, sex, education level, self-rated English language 
proficiency (Likert scale). Finally, at the end of the question-
naire, we included a subjective 5-point Likert scale self-rating of 
how well the participants felt they remembered the risks associ-
ated with ISB that were disclosed to them during the informed 
consent discussion.

Outcomes
Our clinically important primary outcome was the proportion of 
participants who remembered all four major risks of ISB that were 
disclosed during the informed consent discussion. Secondary 
outcomes included (i) number of major risks remembered (out 
of four); (ii) proportion of participants who remembered all nine 
true risks of ISB; (iii) number of true risks remembered (out of 
nine); (ii) number of distractors correctly identified (out of nine); 
(iii) factors independently associated with superior memory of 
risks. We also determined the most commonly remembered true 
risks and misremembered distractor items.

Statistical methods
Statistical analysis was performed using SPSS V.20.10 Descriptive 
characteristics and outcomes were reported as proportion n (%), 
mean±SD, or median (IQR), depending on variable distribution. 
Multivariable linear regression was used to determine potential 
factors associated with memory of the risk discussion, using 
the number of risks remembered (from 0 to 9) as the outcome 
(dependent) variable. Predictors were chosen a priori, including 
age, sex, education level, self-rated English language proficiency 
(6-point scale from ‘adequate’ to ‘perfect’), and participants’ 
self-perceived ability to recognize the risks, as rated on a Likert 
scale (from 1 to 5). Statistical significance was defined as p<0.05. 
Available-case analysis was used to report patient characteristics 
while complete-case analysis was used for regression.

Sample size
Sample size estimation is difficult in this observational study 
given the paucity and poor quality of data in this field. Based 
on wide estimates from previous studies on informed consent in 
various specialties,11 12 we assumed that at least 50% of patients 
would remember all major risks of ISB. In order to achieve a 
margin of error up of 10% with a 95% CI, we required a sample 
size of approximately 100.12 To account for incomplete ques-
tionnaires, we selected a sample size of 125.

Results
A total of 187 eligible patients were approached for recruitment 
immediately after their informed consent discussion. Of note, 
125 patients agreed to participate in this study and provided 
written informed consent prior to completing the study ques-
tionnaire. No participants withdrew from the study. The flow of 
participants is summarized in figure 1. Participant characteristics 
are summarized in table 1. Among the 125 study participants, 
121 (96.8%) participants ultimately consented to receive an ISB 
for their surgery, and four (3.2%) participants refused to receive 
an ISB for their surgery.

Risk questionnaire scores
Table  2 summarizes the participants’ performance on the risk 
questionnaire. Only 26 (21%) participants remembered all four 
major risks of ISB. Participants remembered a mean of 2±1 out 
of the four major risks. Fifteen (12%) participants correctly 
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Figure 1  Participant recruitment. Flow diagram for study participants.

Table 1  Participant characteristics (n=125)

Age (years) 44±17

Females (n (%)) 36 (28.8)

Highest education (n (%))

 � Grade school 2 (1.8)

 � High school 18 (16.5)

 � College/certificate 24 (22.0)

 � University 62 (56.9)

 � Postgraduate (eg, PhD) 3 (2.8)

Data presented as n (%) of participants or mean (SD). N (%) calculated from 
available cases.

Table 2  Proportion of participants correctly remembering each true 
risk and distractor

Patients providing correct 
answer (n (%))

Major risks

 � Long-term nerve damage 116 (92.8)

 � Damage to the covering of the lung 80 (64.0)

 � Seizure 65 (52.0)

 � Life-threatening event 38 (30.4)

Minor risks

 � Temporary nerve damage 121 (96.8)

 � Droopy eyelid 96 (76.8)

 � Damage to a blood vessel 94 (75.2)

 � Some difficulty in breathing 81 (64.8)

 � Hoarse voice 73 (58.4)

Distractors

 � Heart attack 97 (90.7)

 � Damage to the covering of the heart 90 (84.9)

 � Swollen eyes 89 (84.0)

 � Stroke 78 (76.5)

 � Muscle injury 80 (76.2)

 � Itchiness/rash 81 (74.3)

 � Headache 75 (70.8)

 � Blood clot 70 (65.4)

 � Sore throat 54 (49.5)

Data presented as n (%) of participants who correctly identified each item as a true 
risk or distractor.

Table 3  Factors associated with superior memory of risks

Predictors
Adjusted beta 
coefficient P value 95% CI

Age −0.10 0.328 −0.04 to 0.01

Sex (female vs male) −0.03 0.798 −1.00 to 0.77

Education level 0.07 0.497 −0.21 to 0.43

English proficiency 0.24 0.015* 0.05 to 0.41

Self-reported memory of 
consent discussion

0.13 0.207 −0.21 to 0.96

Multivariable linear regression with mean number of true risks (from 0 to 9) 
remembered as the dependent variable. Independent variables selected a priori. 
Self-rated English proficiency was independently associated with superior memory 
of risks, while self-reported memory of the consent discussion was not.
*P<0.05 statistically significant.

remembered all nine true risks of ISB disclosed during the 
informed consent discussion, while the mean number of true risks 
remembered was 6±2 out of 9. Participants correctly identified 
6±3 of the nine distractor items. The most commonly remem-
bered true risks were temporary nerve damage (121 (96.8%)) 
and long-term nerve damage (116 (92.8%)). The distractors 
which were most commonly mistaken to be true risks of ISB 
were the development of a sore throat and blood clot.

Factors associated with superior memory
Multivariable linear regression was performed using the 
number of true risks remembered as the dependent outcome, 
with values ranging from 0 to 9 (table 3). The predictors that 
were selected a priori included age, sex, education level, self-
rated English language ability, and self-rated ability to remember 
the risks disclosed (5 point-Likert scale). After adjustment for 
confounding, the only factor associated with increased ques-
tionnaire score was increased self-reported English proficiency, 
though the effect was small (adj. β: 0.24 (95% CI 0.05 to 0.41); 
p=0.015).

Self-rating of memory
Participants were asked to rate their own memory of the disclosed 
risks related to ISB on a Likert-scale from 1 (very poor) to 5 
(very well). The median self-rating of how well they remembered 
the risks was a 3.0 (3.0, 4.0), which corresponds to ‘somewhat 
well’. In multivariable linear regression, there was no association 
between the participants’ self-rating of their own memory of the 
risks disclosed and their actual risk questionnaire score (adj. β: 
0.13 (95%CI −0.21 to 0.96); p=0.207).

Discussion
In this observational study, we found that patients have poor 
immediate memory of the major risks of ISB disclosed during 
the informed consent discussion. Overall, only one in five partic-
ipants were able to remember all four major risks of ISB. On 
average, patients remembered only half of the four major risks 
disclosed, suggesting that risk disclosure under the present study 
conditions did not affect memory of the major risks beyond 
what can be attributed to mere chance or a lucky guess. Impor-
tantly, there was no association between the participants’ self-as-
sessment of their own memory and their actual memory score, 
which indicates that while patients believed they had understood 
and remembered the risks, they arguably did not.

The patients’ ability to remember the risks of a procedure is 
distinct from yet closely related to their comprehension of the 
inherent risks. A patient who dutifully remembers all of the risks 
of a procedure may still not fully appreciate the potential adverse 
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impact of these events on their life or function. On the contrary, 
poor memory does not necessarily invalidate patients’ under-
standing at the time of consent, as has been shown for patients 
with cognitive impairment who retain reasonable comprehension 
and capacity.13 Nonetheless, the ability to remember risks is a key 
element of understanding and remains one of the most widely 
accepted measures of comprehension in informed consent.14 15 
Therefore, if poor memory of the risks reflects suboptimal compre-
hension, patients may elect to undergo a nerve block which they 
would have otherwise refused, or alternatively, decline a beneficial 
nerve block which they would have otherwise accepted, both of 
which arguably undermine the informed consent process. Further-
more, memory of risks may be especially important in the setting 
of informed consent for regional anesthesia wherein there are 
often significant time lapses between obtaining consent (eg, in the 
anesthesia preoperative assessment clinic), performing the nerve 
block on the day of surgery, and the development of a potential 
PNB-related complication. Indeed, many hospital policies and 
healthcare acts restrict how long a patient’s consent for healthcare 
remains valid.16 17 Moreover, misremembering and/or disremem-
bering of risks can impact litigation and judgments when proce-
dural complications arise. Patients may pursue claims of alleged 
substandard informed consent, and while this may be true in some 
instances, their allegations may reflect poor memory of a fulsome 
informed consent discussion rather than incomplete risk disclo-
sure. Providers are reminded that the courts do rely on patient 
narratives based on their own memory of the risks disclosed, even 
years after the informed consent discussion and procedure took 
place.18

Although patient memory of risks disclosed during the 
informed consent discussion has been studied in the obstet-
rical and general anesthesia settings, this topic has not 
been adequately explored in the setting of PNB.19–21 This is 
important as PNB carries unique and potentially serious risks, 
and there are often alternative anesthetic options available 
such as general anesthesia and systemic analgesics. Zarnegar 
and colleagues previously conducted a small (n=46) survey to 
compare memory of risks related to ISB compared with those 
related to surgery, which were disclosed prior to shoulder 
arthroplasty.6 These investigators found that patients had poor 
memory of ISB risks, with almost half of the participants unable 
to identify a single risk that had been previously disclosed. 
However, several methodological shortcomings undermine 
the study’s validity, including incomplete and heterogeneous 
risk disclosure, inconsistent documentation of the consent 
discussions, lack of consideration for participants’ language 
and educational levels, small sample size, and possible recall 
bias due to the prolonged delay between risk disclosure and 
subsequent memory assessment and data collection. Burkle 
and colleagues also evaluated patient memory of disclosed 
risks related to PNB but failed to report the content of the 
informed consent discussion and the types of PNB discussed.7 
Moreover, these authors limited their entire risk disclosure 
discussion to only three potential risks related to PNB. To 
overcome these limitations and biases, our study used a larger 
sample size, a standardized script, and a questionnaire that 
included 50% distractor items to prevent positive response 
bias. We also measured and adjusted for participants’ language 
and educational levels, as well as self-reported memory to 
better assess patients’ perspectives of informed consent.

Our study is subject to several limitations. Most impor-
tantly, our study participants were relatively young, healthy, 
and educated patients with no overt cognitive impairment. As 
such, findings from this sample may be overly optimistic and 

not representative of the overall patient population receiving 
PNB. In addition thereto, our participants were tasked with 
recognizing the correct answer from a prepopulated printed 
list of choices rather than answering a series of open-ended 
questions, which facilitates success and may overestimate 
comprehension and memory.22 Next, our study examined only 
immediate memory and our results do not reliably inform 
delayed recall, which is most often worse. Moreover, our 
results may overestimate patients’ memory when the informed 
consent discussion takes place on the day of surgery rather 
than days or weeks in advance as in the present study condi-
tions. Indeed, obtaining written consent from patients for 
elective invasive procedures or even participation in clinical 
research trials on the same day as surgery is widely discour-
aged due to the emotional duress associated with imminent 
surgery that can undermine patients’ capacity and voluntari-
ness, thereby invalidating the informed consent process.23 24 
Our single-center design and description of only one type 
of PNB (ie, ISB) may further limit the generalizability of our 
results. Also, since we did not directly observe the anesthesi-
ologist in clinic, we could not determine if any unmeasured 
factors influenced participants’ comprehension and memory 
of the risks disclosed. Finally, we did not investigate or address 
any methods that may improve patient memory of the risks 
disclosed. Strategies such as written or audio/visual informa-
tion, extended discussions, and patient testing and feedback 
have all been used with reported success,7 8 and should be the 
subject of future research in the setting of informed consent 
for PNB. For example, studies have also shown improve-
ment of recall with prior exposure, thus providing informa-
tion about the risks and benefits of PNB in advance of the 
informed consent discussion (eg, distributing pamphlets in the 
surgeon’s office) may facilitate recall.25

In summary, this observational study suggests that patients 
have poor immediate memory of the major risks related to ISB 
disclosed during the informed consent discussion. Under the 
present study conditions, the validity of the informed consent 
process for patients undergoing ISB may be undermined.
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